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ABSTRACT

( Often monoclonal antibody testing of lymphocytes is not performed

until the day after blood collection for reasons of convenience or due to
the need to transport the blood to other facilities. In order to determine
whether accurate results can be obtained on the day after collection, we
compared results obtained after storage overnight at 4 C or 22 C with
results obtained with fresh lymphocytes. Lymphocytes from 24 normal
individuals were evaluated with ten monoclonal antibodies using an immuno-
fluorescence technique with analysis by flow cytofluorometry. There were
markedly altered results obtained with lymphocytes separated on the day
after collection from whole blood stored at 4 C. Lymphocytes separated
from whole blood stored at 22 C showed moderate changes in reactivity with
some monoclonal antibodies. Lymphocytes that were separated from fresh
blood and then stored at 4 C or 22 C showed results similar to fresh
lymphocytes. These results underscore the importance of proper processing

of blood samples to avoid misinterpretation of results.;?\
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INTRODUCTION

The development of monoclonal antibodies directed against unique
surface markers on human lymphocyte subsets permits the identification
of lymphocyte patterns in health and disease. Monoclonal antibodies
have been used for a variety of purposes such as immunologic monitoring
of renal transplant patients (1), categorization of leukemia (2), and
evaluation of T lymphocyte subpopulations in disease states such as
acquired immunodeficiency syndrome (AIDS) (3,4).

Immediate testing of lymphocytes with monoclonal antibodies may not
always be possible when blood is collected at odd times of the day or
when the blood must be transported to other facilities for evaluation.
Often, the lymphocytes are not tested until the day after collection.

The question arises whether the values obtained by monoclonal antibody
testing of lymphocytes after overnight storage accurately reflect the
subpopulations present in fresh blood. The best conditions for overnight
storage or shipment of blood samples for monoclonal antibody testing of
1ymphocytes must be established.

In the study presented here, we have compared results of monoclonal
antibody testing of fresh lymphocytes with results obtained after overnight
storage of whole blood or separated lymphocytes at room temperature (22 C)
and 4 C. There were some marked alterations in reactivity of lymphocytes
separated from whole blood stored at 4 C and some moderate alterations in

reactivity of lymphocytes separated from whole blood stored at room
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T temperature (22 C). Lymphocytes that were separated from whole blood prior o
“ai to storage at 4 C or 22 C showed Tittle or no change in reactivity with ten .
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MATERIALS AND METHODS

Peripheral blood from 24 healthy volunteer donors was collected in
heparin or ACD anticoagulant. Half of the blood was diluted with phosphate
buffered saline (PBS) and the mononuclear cells were separated by ficoll-
hypaque density gradient centrifugation. After washing with PBS, a portion
of the mononuclear cells was tested immediately with monoclonal antibodies.
The remaining mononuclear cells suspended in 0.5% bovine serum albumin
(BSA) in PBS were stored overnight at 4 C or 22 C in polypropylene tubes.
Half of the original whole blood was stored overnight undisturbed at 4 C
or 22 C and on the following day the mononuclear cells were separated using
ficoll-hypaque. Thus, the mononuclear cells were stored both in whole
blood and as separated cells in buffered saline prior to testing with
monoclonal antibodies the following day.

Commercial antibodies were selected to evaluate a wide range of anti-
genic specifities of T cells, B cells, and null cells: sheep rosette
receptor (CCT11)a (5); pan-T cell antigen (OKT3)D (6); helper/inducer T
lymphocytes (CCT4)2 (7); suppressor/cytotoxic T lymphocytes (CCT8)2 (8);
activated or proliferating cells (0KT9)b (9); irmature cells, activated
T cells, null cells (OKTIO)b (10,11); B cells (CCB1)2 (12); HLA D/DR
antigens (CCI2)? (12); null cells (OKMI)b (11,14); granular lymphocytes,
natural killer/killer cells (Leu-7)¢ (11,15). For each test, 106 mono-
nuclear cells were incubated with 100 ul of appropriately diluted monoclonal
antibody on ice for 30 minutes. After washing, FITC conjugated F(ab')2

fragment goat anti-mouse immunoglobulin was added and incubated on ice for
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30 minutes. Following subsequent washing, the cells were fixed in 1%
formalin in buffered saline.

The cells were analyzed by flow cytofluorometry using the Coulter
Epics V system. Viable lymphocytes were distinguisked from monocytes,
nonviable cells, and erythrocytes on the basis of forward light scatter
and 90 degree light scatter. Antibody reactivity is represented by the
percentage of 10,000 lymphocytes that demonstrated fluorescence greater

than negative control lymphocytes which were incubated with 1% BSA in

PBS in place of monoclonal antibody.
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;3}3 Blood from 24 individuals was tested on the day of collection and E
‘a$q -
after overnight storage at 4 C of both separated lymphocytes and whole S
a7 TABLE 1 blood. Results of monoclonal antibody testing are shown in Table 1. 5
o g

b Lymphocytes that were separated on the day of collection using ficoll- q
X hypaque and then stored overnight at 4 C showed no significant difference 5

‘Stg in reactivity with any of the ten monoclonal antibodies. The lymphocytes

%E’ that were separated from whole blood after overnight storage at 4 C

%ﬂ showed marked reduction in reactivity with CCT11, OKT3, and CCT4 mono-

'fj clonal antibodies with mean differences of -26, -33, and -21, respectively.

{33? These lymphocytes showed increased reactivity ranging from 2-15% with

. 0KT9, OKT10, CCI2, OKM1 and Leu-7 antibodies. Only the reactivity with

:Ef CCT8 and CCB1 antibodies remained unchanged.

S?E Blood from 9 of the 24 individuals was stored at room temperature

“fi (22 C) in addition to 4 C. Results from monoclonal antibody testing after

*Ej TABLE 2 storage at 22 C are shown in Table 2. Lymphocytes that were separated on

vdéi the day of collection and then stored overnight at 22 C showed mean

:?f differences in reactivity with the ten antibodies ranging from 1-8% when

;ﬁ; compared with fresh lymphocytes. With some monoclonal antibodies, e.qg.,

_§§ CCT11, there was a consistent but small change in reactivity which was

I;f.t: significant by paired t analysis but which is of no practical importance

E—’ with regard to interpretation. Duplicate samples usually agree within

1-5% when tested with CCT11 antibody.

i

Lymphocytes that were separated from whole blood after storage at
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22 C (Table 2) showed a moderate decrease in reactivity with CCT11, OKT3
and CCT4 with mean differences of -13, -18 and -11, respectively. There
were mean differences in reactivity with CCI2 and OKM1 of +3 and +6;

other differences in reactivity ranged from 1-5% and were not statistically
significant.

Differences in reactivity of lymphocytes upon storage varied from
person to person. The anticoagulant used (ACD or heparin) did not appear
to affect the results, and the data was combined in Tables 1 and 2. There
was, however, considerable clumping of platelets and leukocytes in
heparinized whole blood kept at 4 C which caused a low yield of mononuclear
cells after ficoll-hypaque centrifugation,

The quality of the fluorescence histograms obtained with lymphocytes
from stored whole blood was inferior to that of fresh lymphocytes or
lymphocytes that were separated prior to storage. Examples of histograms

comparing CCT4 and negative control fluorescence are shown in Figure 1.

Fresh lymphocytes and lymphocytes that were separated prior to storage at

either 4 C or 22 C showed a single syrmetrical peak in the negative control
samples and distinct positive and negative peaks in the samples with CCT4
antibody. Lymphocytes from whole blood stored at 22 C showed a wider peak
of fluorescence in the negative control but a distinctly positive peak with
CCT4 antibody. Lymphocytes from whole blood stored at 4 C showed an
increased percentage of weakly fluorescent cells which altered the shape
of the negative control and the CCT4 histograms.

The percent reactivity of lymphocytes with CCT8 antibody was not

altered by stor._ . F rever, the quality of the fluorescence histograms
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FIG. 2 obtained was variable, as shown in Figure 2. The distinct peak of strongly -
7

X fluorescent cells is not present with lymphocytes separated from whole blood -
N 1
"Q after storage. R
N -
e Changes in percent reactivity with the antibody to the sheep rosette =
o receptor (CCT11) and with the pan-T cell antibody (OKT3) are illustrated
% FIG. 3
;'P FIG. 4 in Figures 3 and 4, Again, the percent of positive cells is reduced in .
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on lymphocytes separated from whole blood after overnight storage. ’,
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DISCUSSION

These observations on reactivity of monoclonal antibodies with lympho-
cyte surface antigens can be compared with previous studies on HLA typing
and in vitro functional tests of stored lymphocytes. In general, previous
reports indicate that while it is sometimes acceptable to store whole blood
at room temperature for a short time it is best to separate the lymphocytes
from whole blood prior to storage at room temperature. Lymphocytes
separated from fresh blood and stored in culture media at room temperature
can be accurately tested for HLA A and B locus antigens for 2 to 3 weeks
(16-18) although C locus antigens disappear from cells kept 7 days at room
temperature (19). Viability of the lymphocytes in culture media was
maintained better with storage at room temperature (20-25 C) than at 4 C
or 37 C (17,18). Mitogen and antigen responsiveness of lymphocytes from
whole blood shipped on ice was diminished in comparison to lymphocytes
from whole blood transported at ambient temperature and tested 9-11 hours
after collection (20). Others (21) reported that lymphocytes separated

from fresh blood and stored at room temperature or 37 C were more responsive

to PHA stimulation than lymphocytes stored at 4 C for 72 hours. Lymphocytes
obtained from heparinized whole blood stored for 72 hours at room

temperature were the least responsive to stimulation (21).

AT UR AP
REERREAS - 1

Grunow et al (22) and Naess and Tondur (23) reported a decrease in the

j number of rosette-forming cells recovered from whole blood stored for 24
.E hours at 4 C. This paralleled a relative increase in the percentage of B
g

l; cells as determined by surface immunoglobulin staining. Lymphocytes that
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were separated with ficoll-hypaque prior to storage at 4 C showed no change
in percentage of T or B cells for up to 48 hours (22). \hen testing
lymphocytes obtained from whole blood stored at 4 C, we observed a similar

decrease in T cells detected by reactivity with monoclonal antibodies.

This appeared to be due to selective reduction of the helper/inducer T cell

subpopulation. There was little or no change in B cells detected by mono-
clonal antibody CCB1 which is specific for Bl antigen present on B lympho-
cytes and not monocytes (12). The higher percentage of B cells reported

by others (22) using immunoglobulin staining may be due to monocyte
contamination. We also observed an increase in reactivity of those mono-
clonal antibodies that react with null cells or large granular lymphocytes--
CCI2, OKT10, OKM1 and Leu-7. These changes in reactivity occurred only
when the lymphocytes were separated from whole blood after overnight storage
at 4 C. Lymphocytes separated from whole blood after storage at room

temperature (22 C) showed moderate changes in reactivity of some monoclonal

antibodies. Lymphocytes that were separated from fresh blood and then
stored at 4 C or 22 C showed little or no change in reactivity with any of
the monoclonal antibodues. |

This study was designed to determine whether monoclonal antibody
testing of stored lymphocytes is an accurate reflection of the reactivity
of fresh lymphocytes. It was not intended as an evaluation of changes in
the survival of lymphocyte subpopulations during storage. With fresh blood,
about 30-70% of the mononuclear cells are recovered after ficoll-hypaque
z; separation and washing and it is assumed that there is no selective loss of

cells. After whole blood is stored overnight, a lower number of the mono-
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nuclear cells are recovered. Thus, alterations in the cells (e.g. changes

in cell density) during overnight storage could result in selective loss
of some subpopulations during the separation procedure. Alternatively,
modifications in the cell membrane during storage may result in more or
less exposure of surface antigens which react with the monoclonal antibody.
Whatever the changes are that occur during storage of whole blood, l1ympho-
cytes isolated prior to storage do not appear to be affected. Storage in
buffered saline with a small amount of albumin appears to be adequate,
although enriched culture medium would also seem appropriate.

In conclusion, our study indicates that significantly altered results
are obtained with monoclonal antibody testing of lymphocytes from whole
blood kept overnight at 4 C. The alteration in results with T cell anti-
bodies was such that truly normal individuals appeared to have a decreased
percentage of T lymphocytes, decreased helper T lymphocytes, and an altered
helper/suppressor ratio. While only moderate changes are observed when
whole blood is kept at room temperature, we reconmend}that 1ymphocytes be
separated from fresh whole blood prior to storage or transportation for

monoclonal antibody testing.




Relative Number of Cells

FIGURE 1

Reactivity of CCT4 monoclonal antibody with (A) fresh lymphocytes,
(B) lymphocytes separated from fresh blood and stored at 22C, (c) lympho-
Cytes separated from fresh blood and stored at 4 C, (D) lymphocytes
separated from whole blood stored overnight at 22 C, (E) lymphocy tes

separated from whole blood stored overnight at 4 C.
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Changes in percent reactivity with the ant;'body to the sheep rosette

receptor (CCT11).
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Changes in percent reactivity with the antibody to the pan-T cell

(- antibody (OKT3). .
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TABLE 1

Percent Reactivity (Mean ¥ S.D.) of Ten Monoclonal Antibodies with Fresh
Lymphocytes, Lymphocytes Separated from Fresh Blood and then Stored at
4 Ca anc(! Lynphc))cytes obtained from Whole Blood After Overnight Storage
at4 C (n=24

Fresh Lymphocytes Whole Blood
Antibody Lymphocy tes Stored at 4 C Stored at 4

CCcT1 80 %8 71819 54 T 16%*
OKT3 69 12 68 3 11 36 T 15%*
CcCT4 44 £ 8 44 % ¢ 23 I 10+
cCcT8 24 £ 6 26 %6 22 + 8
OKT9 314 3 53 6+
0KT10 ' 12¢8 12 19 2 14**
ccB1 gtg g8ts

cCI2 6213 11 % g
OKM1 13+ 8 28 & 17**
Leu-7 9% 6 15 & gaw

*Significantly different by paired t analysis (p«<0.05)
**Significantly different by paired t analysis (p< 0.01)




TABLE 2

Percent Reactivity (Mean ¥ S.D.) of Ten Monoclonal Antibodies with Fresh
Lymphocytes, Lymphocytes Separated from Fresh Blood and Stored at 22 C,
and Lymphocytes Obtained from Whole Blood after Overnight Storage at Room
Temperature (22 C) (n = 9)

Fresh Lymphocytes Whole Blcod
Antibody Lymphocy tes Stored at 22 C Stored at 22 C

cCT11 836 80 ¥ 6* 70 T 13
0KT3 77 ¢ 10 73 ¢ g+ 59 &
CCT4 84 L 7 49 t gw

ccT8 24 ¢ 8 28 I 7+

0KT9 24 515

O0KT10 95 nza7z

CCB1 14 %10 17213

ceI2 6<3 7%2a

OKM1 gts 16 ¥ 2»

Leu-7 8t 4 915

*Significantly different by paired t analysis 2p1.0.05

**Significantly different by paired t analysis (p 20.01
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FOOTNOTES
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bOrtho Diagnostics

CBecton-Dickinson

e A T L A h a bt e Tt e T R g ‘.-..- TS TRy .-_~\.;\. .‘.4..-.\- \.'s \-‘\Q‘. ‘:\f\"\"‘-".."',"\"._-‘\."
S S SRR S N S S WAty S SRSt A8 X RIS D RGP S S N



Iy i - C Ll AL e - g o # 4 .,
e L s T - W e ol Sl DGl Vol Sl A o . e e R N A L el T Rt e e W TR T T . . PRSP

S RN

N REFERENCES —
"'4 ,
"3 1. Cosimi, A. B., Colvin, R. B., Burton, R. C., Rubin, R. H., Goldstein, 2
fvﬁ' G., Kung, P. C., Hansen, W. P., Delmonico, F. L., and Russell, P. S. :
b 1981. Use of monoclonal antibodies to T-cell subsets for immunologic s
EE% monitoring and treatment in recipients of renal allografts. N. Engl. i
M J. Med. 305:308. :
igé 2. Sondel, P. M., Borcherding, W., Shahidi, N. T., Ganick, D. J., Schultz,

;ES J. C., and Hong, R. 1981. Recategorizing childhood acute lympho-

s 4. blastic leukemia with monoclonal antibodies to human T cells. Blood

1'3. 57:1135.

s

i 3. Pitchenik, A. E., Fischl, M. A., Dickinson, G. M., Becker, D. M.,

85 Fournier, A. M., 0'Connell, M. T., Colton, R. M., and Spira, T. J.

;ééé 1983. Opportunistic infections and Kaposis sarcoma among Haitians:

'f” Evidence of a new acquired immunodeficiency state. Ann. Int. Med. 98:

oy 277.

_5;? 4, Wormser, G, P., Krupp, L. B., Haurahan, J. P., Gavin, G., Spira, T. J.,

'éf and Cunningham-Rundles, S. 1383, Acquired immunodeficiency syndrome

S% in male prisoners. Ann. Int. Med. 98:297.

23 5. Howard, F. D., Ledbetter, J. A., Wong, J., Bieber, C. P., Stitson, E. B.,

and Hertzenberg, L. A. 1981. A human lyrphocyte differentiation

marker defined by monoclonal antibodies that block rosette formation.

J. Immunol, 126:2117.

0 DR T e R R I CER S A Y A Al
T 2 AN A A SOPLPES SO L 00 R L RN



6.

10.

11.

12,

Kung, P. C., Goldstein, G., Reinherz, E. L., and Schlossman, S. F.
1979. Monoclonal antibodies defining distinctive T-cell surface

antigens. Science 206:347.

Reinherz, E. L., Kung, P. C., Goldstein, G., and Schlossman, S. F.
1979. A separation of functional subsets of human T cells by a

monoclonal antibody. Proc. Nat. Acad. Sci. USA 76:4061.

Reinherz, E. L., Kung, P. C., Goldstein, G., and Schlossman, S. F.
1980. A monoclonal antibody reactive with the human cytotoxic/suppressor
T cell subset previously defined by a hetero antiserum termed TH2.

J. Immunol. 124:1301.

Judd, W., Poodry, C. A., and Strominger, J. L. 1980. Novel surface
antigens expressed on dividing cells but absent from nondividing cells.

J. Exp. Med. 192:1430.

Janossy, G., Tidman, N., Papageorgiou, E. S., Kung, P. C., and Goldstein,
G. 1981. Distribution of T lymphocyte subsets in the human bone marrow

and thymus - An analysis with monoclonal antibodies. J. Immunol. 126:1608.

Ortaldo, J. R., Sharrow, S. 0., Timonen, T., and Herberman, R, B. 1981,
Determination of surface antigens on highly purified human NK cells by

flow cytometry with monoclonal antibodies. J. Immunol. 127:2401.

Stashenko, P., Nadler, L. M., Hardy, R., and Schlossman, S. F. 1980,

Characterization of a human B lymphocyte-specific antigen. J. Immunol.

125:1678.

>
'\-
N

h R ]
v

B Ly L
A O D Py o P d”y gt e,



{ .}:.: .1
= 22. R
7 o
* >
?: 13. Nadler, L. M., Stashenko, P., Hardy, R., Pesando, J. M., Yunis, E. J.,
[.
Mo and Schlossman, S. F. 1981. Monoclonal antibodies defining serologically ??
:ﬁ distinct HLA-D/DR related la-1ike antigens in man. Human Immunol. -
% L .':
'ég 1:77. "
%1? 14, Breard, J., Reinherz, E. L., Kung, P, C., Goldstein, G., and Schlossman, 5
.-:. N
S0 S. F. 1980. A monoclonal antibody reactive with human peripheral blood N
o |
. monocytes. J. Immunol. 124:1943.
i R
i:i 15, Abo, T., and Balch, C. M. 1981. A differentiation antigen of human NK 4
'.‘-': &
N and K cells identified by a monoclonal antibody (HNK-1). J. Immunol. -
P
. 127:1024. v
o .
‘:;~ 16. Bodmer, W. F., and Gerbrandt, G. M. 1968. Short term room temperature -
N storage of human lymphocytes for white cell typing. Vox Sang. 15:451, 9
7 X
oo 17. Collins, Z., Shepherd, L. P., Tarris, R., and Walford, R. L. 1970. -
%
;?- Separation and prolongation of viability of human lymphocytes for tissue
e typing. Transfusion 10:21. N
‘:"N' ".
b N
viﬁ? 18. Park, M. S., and Terasaki, P. I. 1974. Storage of human lymphocytes >
< at room temperature. Transplantation 18:520.
o -
e
Wols 19, Loon, J., Terasaki, P. I., and Bernoco, D. 1981. Loss of HLA-C locus K
bl specificities from stored lymphocytes and de novo synthesis following Ny
3 incubation at 37 C. Tissue Antigens 18:349, "
o N
‘251 20, Ottesen, E. A., Poindexter, R. W., and Hiatt, R. A. 1977. The effects Sv
¢'»9. L9
‘? of transporting blood on lymphocyte blastogenic responses. Clin. Exp.
80 N
‘:i Immunol. 29:168. -
oA It
i -
Y %
v
W

O Ol R N R e I FO T I S S L TP SPPE RN R R T Y
OB N H. e ‘\ .; ,,: OGS ARG TSN, O n’,_'l'.‘ﬂ.:._ L ERTRIN \_\'\‘s NN NG LN O




N 21. Mangi, R. J., and Kantor, F. S. 1974, Short-term storage of human

34 lymphocytes prior to in vitro stimulation. Transplantation 17:37.

j:: 22. Grunow, J. E., Lubet, R. A., Ferguson, M. J., and Goulden, M. C. 1976.
Preferential decrease in thymus dependent lymphocytes during storage

at 4 C in anticoagulant. Transfusion 16:610.

23. Naess, A., and Tondur, 0. 1982. Technical aspects of rosette tests

-

for the demonstration of lymphocyte subpopulations. Acta Path. Micro.

44
““l'l

. ‘:"' I'tf‘r

Immuno. Scand., Section C, 90:59.

¢ o

-’ ‘11
iy .
Q! E!
A
e T
. "
.- o
o g
N 2
- N
oy LS|
.,s -
) Jn;" o
hOs N

o ’.
. ‘_-
S .
Iy L]
- ‘ 5.
, .
> e WY, L e A ® gy m g ® Q¥ QW LT N Tt e, e _wmy L S S SN S ST Ry Y N A T R S PP S S PG S
s’ » s"-.'s ST O R O AR N et T T L NN \__\._\‘:-..l_\ AR Y o




TR ™ WL .8 @ W s ¥ oIS v T Ty T T o — BRE A _ade B BR O e > 3 0 A L o s o ae an e 44 L —r—— v v v — —— -

.uhu.‘) . 3. vs.,,v;ﬁ.‘.or‘,. B o SR PR .

O N

v G

X

ﬁ ‘— o ks :.v?\..L

!
‘4
oo

v,
.

AR T g e o,
. - Yoy oe




